By use of the postcoded database held by the Small Area Health Statistics Unit, cancer incidence of over 14 million people living near 72 municipal solid waste incinerators in Great Britain was examined from 1974-86 (England), 1974-84 (Wales) and 1975-87 (Scotland). Numbers of observed cases were compared with expected numbers calculated from national rates (regionally adjusted) after stratification by a deprivation index based on 1981 census small-area statistics. Observed-expected ratios were tested for decline in risk with distance up to 7.5 km. The study was conducted in two stages: the first involved a stratified random sample of 20 incinerators; the second the remaining 52 incinerators. Over the two stages of the study there was a statistically significant (P<0.05) decline in risk with distance from incinerators for all cancers combined, stomach, colorectal, liver and lung cancer. Among these cancers in the second stage, the excess from 0 to 1 km ranged from 37% for liver cancer (0.95 excess cases 10-5 year-1) to 5% for colorectal cancer. There was evidence of residual confounding near the incinerators, which seemed to be a likely explanation of the findings for all cancers, stomach and lung, and also to explain at least part of the excess of liver cancer. For this reason and because of a substantial level of misdiagnosis (mainly secondary tumours) found among registrations and death certificates for liver cancer, further investigation, including histological review of the cases, is to be done to help determine whether or not there is an increase in primary liver cancer in the vicinity of incinerators.
The Small Area Health Statistics Unit (SAHSU) is an independent national facility for the investigation of routine health statistics near point sources of pollution (Elliott et al., 1992a,b,c) . It incorporates a comprehensive national database that includes mortality and cancer registrations, with a computer database retrieval system based on the postcode of address (Elliott et al., 1992c) . The present study was undertaken because of concerns about possible health effects related to municipal solid waste (MSW) incineration [British Medical Association (BMA), 1991; Hattermer-Frey and Travis, 1991 ; Royal Commission on Environmental Pollution, 1993] . Few studies of the health of populations living near incinerators have been carried out (Lloyd et al., 1988; Jansson and Voog, 1989; Diggle, 1990; Elliott et al., 1992b; Williams et al., 1992; Hallenbeck et al., 1993; Hoglund and Haglind, 1993;  Royal Commission on Environmental Pollution, 1993); a recent SAHSU enquiry found no evidence to suggest excess risk of cancers of the larynx or lung near incinerators of waste solvents and oils (Elliott et al., 1992b) .
About 10% of the estimated 29 million tonnes of waste to be disposed of by waste disposal authorities annually in the UK is incinerated (Clayton et al., 1991) . Historically, the performance of many MSW incinerators in the UK was poor (BMA, 1991; Clayton et al., 1991) , although recently all new incinerators in the UK have had to comply with stringent emission standards, as must older plants by the end of 1996 (Royal Commission on Environmental Pollution, 1993) . Pollutants emitted from MSW incineration include heavy metals, especially lead, cadmium and mercury; acidic gases; organic compounds such as polychlorinated dibenzodioxins (PCDDs) and dibenzofurans (PCDFs); partially combusted organic materials such as polyvinyl chloride, herbicide residues and wood preservatives; and other organics including polycyclic aromatic hydrocarbons (PAHs) (WHO, 1988;  Greim, 1990; Clayton et al., 1991; Hattemer-Frey and Travis, 1991; Royal Commission on Environmental Pollution, 1993 ). Some of these substances have been classified as likely or possible human carcinogens (International Agency for Research on Cancer; IARC 1982 IARC , 1984 IARC , 1987 . Attention has focused, among others, on PAHs (IARC 1984; WHO 1988 ) and on the PCDDs and PCDFs (Hattemer-Frey and Travis, 1991; Royal Commission on Environmental Pollution, 1993) . The latter are thought to have a non-genotoxic carcinogenic effect in animal experimental studies (Kociba et al., 1988; Skene et al., 1989) although this is not established in man (Gough, 1991; Hattemer-Frey and Travis, 1991) .
Data on atmospheric levels of PCDDs and PCDFs near incinerators are sparse (Hattemer-Frey and Travis, 1991) . A recent review concluded that levels may be elevated above background by a factor of up to 4 within 1-2 km of an incinerator (Travis and Hattemer-Frey, 1989) , although it is predicted that they would be near to background around a modern, well-maintained plant (Greim, 1990) . The most toxic of the PCDDs is 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) (Hattemer-Frey and Travis, 1991) . Most (nonoccupational) human exposure to TCDD is thought to be through the consumption of food, in particular dairy products and meat related mainly to the release of TCDD into the atmosphere from combustion and other sources (Hattemer-Frey and Travis, 1991; Royal Commission on Environmental Pollution, 1993) . Studies of long-term followup of workers exposed to TCDD have reported increased mortality from all cancers combined, as well as some specific cancers, including soft-tissue sarcomas, lung cancer and haematopoietic cancers (Fingerhut et al., 1991; Manz et al., 1991; Zober et al., 1990) . An association has also been reported between exposure to chlorinated-phenoxy herbicides (possibly contaminated with low levels of PCDDs and PCDFs) and soft-tissue sarcomas and/or non-Hodgkin lymphomas (Eriksson et al., 1981; Hardell and Sandstrom, 1979; Woods et al., 1987 ).
In the present study incidence of these and some other cancers possibly associated with incineration products (mainly indicated by animal studies) (Kociba et al., 1978; WHO, 1988; Skene et al., 1989) is examined near a sample of MSW incinerators in Great Britain. Based on the findings, a number of cancers are then further studied around the remainder of the incinerators. The results are evaluated in the light of problems of data quality and possible confounding.
Populations and methods Selection of incinerators The study area was chosen at outset to be within 7.5 km of MSW incinerators in Great Britain. A list of 72 such incinerators was obtained from the Department of the Environment and comprised all incinerators in Great Britain that burn (or burned) household, commercial and/or industrial waste, and for which publicly available information is (or was) available as required by the Control of Pollution Act 1974 and the Environmental Protection Act 1990. It was based on data held by Her Majesty's Inspectorate of Pollution and the waste disposal authorities, and included the full address and postcode of the incinerator, a six-figure grid reference for the site, and information on years of operation and previous use of the site. Checks were made to verify this information using Ordnance Survey maps, the postcode directory and, where possible, by contacting previous operators of the site.
The study was conducted in two stages. In the first a random sample of incinerators was selected, stratified by population size (above/below median population within 3 km). This was done to give sufficient sample size to detect, with 80% power, a relative risk within 3 km of around 1.5 for rare cancers (e.g. larynx). Recent incinerators, i.e. those starting from 1976, were excluded, although one was found later to be within 5 km of an incinerator selected into the sample. Where circles of 7.5 km radius centred on the incinerators overlapped, they were treated as one multisite group, with cases and populations assigned to their nearest incinerator based on the postcode. Three multisite groups (seven incinerators) and nine single incinerators were selected; four incinerators were later added to the three multisite groups as a result of new information received after the sampling had taken place. This included additions to the list of incinerators and revisions of the postcodes. Thus there was a total of 20 incinerators included in the first stage of the study. The remaining 52 incinerators (31 in ten multisite groups and 21 single sites) were included in the second stage. Because a larger population was included in the second stage, statistical power was higher than in the first stage. The location of incinerators is shown in Figure 1 .
Cases, standard rates and expected numbers
The study is based on postcoded cancer incidence data from the national cancer registration scheme, which, at the time of study, were held for 1974-86 (England), 1974-84 (Wales) and 1975-87 (Scotland). Following a retrospective postcoding exercise undertaken by the Office of Population Censuses and Surveys (OPCS) the level of valid postcoding of cancers in England and Wales 1974-84 ranged from 89.5% (1974) to 98.0% (1984) . Postcoding in Scotland, and in England for 1985 and 1986, is in excess of 98%. Table I shows the cancers included in the study and the codes under the 8th and 9th revisions of the International Classification of Disease (ICD) (WHO, 1967 (WHO, , 1978 . Bridge-codes were used for cancers in England and Wales to ensure comparability between the two revisions of the ICD (OPCS, 1981) . For Scotland, cancers are all coded to the 9th revision.
To calculate national rates cancer incidence for Great Britain was obtained directly from the postcoded SAHSU database. Population data were from the 1981 census smallarea statistics. To allow for possible socioeconomic confounding a deprivation score, shown elsewhere to be a powerful predictor of cancer rates across Great Britain (Elliott, 1995) , was calculated for each census enumeration district using three variables derived from 1981 census data on unemployment, overcrowding and social class of head of household. Methods used to obtain the deprivation score and for the calculation of expected numbers are given in the Appendix.
For solid tumours and, to a lesser extent, for cancers of the lymphatic and haematopoietic systems a lag period should be assumed between first exposure to a putative cancer-inducing agent and development of clinical disease (Rothman, 1986) ; lag periods of 10 years for solid cancer cases, and 5 years, are used here. Thus with a 10 year lag only cases occurring at least 10 years after a site began operation are included. In the first stage lag periods for the multisite groups were taken from the most recently started/ commissioned incinerator in the whole group. In the second stage data were used more efficiently by taking lag periods from date of start-up of the nearest incinerator. As a check on possible residual confounding, data were also examined for the 'preincinerator' period, i.e. before start-up of a site, which involved differing sets of incinerators than in the lagged analyses because of the different time periods. To avoid contamination of the preincinerator period, data for a site were excluded if it fell within the 7.5 km circle centred on an older (operational) site.
Because of the problems of histology coding for liver cancer, a review of registration was undertaken with the assistance of OPCS and the Information and Statistics Division of the Scottish Health Service. Cancer registries in England and Wales, and in Scotland, were asked to check registration details of all 85 liver cancer cases from 0 to 1 km in the second stage (10 year lag) as well as random samples of 75 cases from 1 to 7.5 km, and a further 75 cases from the rest of Great Britain. Copies of death certificates for these cases were also requested. Statistical methods As the study was not done in response to specific claims of cancer excess, there was no prior knowledge of the health statistics around any of the plants. Analyses were performed in two stages to guard against type I error (false positive); significant findings from the first stage were tested again in the second stage, i.e. in a different data set. As noted, the second stage provided greater statistical power as a result of its larger population size and observation period. With inference based on significant (P <0.05) findings at both stages, a nominal P-value of 0.0025 (i.e. 0.05 x 0.05) was used to allow for multiple testing across tumour groups and corresponded to an overall P-value of less than 0.05.
For descriptive purposes, observed (0) and expected (E) values, observed/expected ratios (O/E) and their 95% confidence intervals (CIs; calculated assuming a Poisson distribution) are reported for the entire study area (0-7.5 km) and for an area close to the source, arbitrarily chosen at outset to be 0-3 km. Formal tests of significance were based on likelihood ratio tests described by Stone (1988) for decline in risk at some (unspecified) distance from the source. Observed and expected values were obtained for eight bands delimited by circles up to a radius of 7.5 km, chosen at outset to give four near to the source with the remainder enclosing bands of approximately equal area, i.e. radii of 0.5, 1.0, 2.0, 3.0, 4.6, 5.7, 6.7 and 7.5 km. Each likelihood ratio test considers the data from all bands simultaneously to produce a single P-valueobtained by comparison with 999 simulated data sets-which in part overcomes problems of inference associated with the arbitrary choice of boundaries. Both unconditional and conditional likelihood tests were performed (Bithell and Stone, 1989; Hills, 1992; Bithell et al., 1994) . For the unconditional test the null hypothesis is the same for all sources (incinerators), i.e. constant relative risk of 1.0 (the regional average) in all bands. The data can therefore be aggregated across sources, within bands, and a single likelihood ratio test performed. For the conditional test any differences from the regional averages in overall level of risk up to 7.5 km are corrected with the condition that the sum of the expected values should equal the total number of observed cases within 7.5 km. This gives a null hypothesis that is unique to each source. For this reason the overall (studywide) P-value is obtained by carrying out a conditional likelihood ratio test for each source and considering the sum of the maximum likelihood ratios obtained from the individual sources. For cancers with significant (P<0.05) findings in both stages, further, post hoc, analysis was carried out to investigate the issue of possible residual confounding.
Results
Data are presented here for both sexes combined at all ages. Maps, population data and tables giving sex-and age-specific results (<65 and 65+ years) for the single incinerators and incinerator groups are available on request.
First stage
At the 1981 census around 890 000 people lived within 0 to 3 km, and 3.3 million within 0 to 7.5 km of the 20 incinerators included in the first stage of the study. In all, 177 252 cancers were recorded from 0 to 7.5 km, of which 69 155 were at ages below 65 years and 108 097 at 65 years and above; 85 113 cases (43 383 males, 41 730 females) were included for the 10 year lag (i.e. 10 or more years since startup of an incinerator) and 140 010 cases (71 203 males, 68 807 females) for the 5 year lag. Average periods of observation, weighted by population size around each incinerator, were 5.7 and 9.8 years for the 10 year and 5 year lag periods respectively. Table II shows O/E ratios and 95% CIs for all cancers combined, solid tumours and lymphatic and haematopoietic cancers from 0 to 3 and 0 to 7.5 km. From 0 to 3 km raised O/E ratios and 95% CIs that exclude one (i.e. an excess significant at the 5% level) were found for all cancers combined, stomach, colorectal, liver, lung, bladder, all lymphatic and haematopoietic cancers combined and non-Hodgkin lymphomas; these O/E ratios ranged from 1.05 (lymphatic and haematopoietic) to 1.29 (liver) ( Table II) .
For the above solid tumours and for all cancers combined results of Stone's unconditional and conditional tests were highly significant. Stone's unconditional test was also significant (P<0.05) for non-Hodgkin lymphomas, and it was of borderline significance (P=0.09) for all lymphatic and haematopoietic cancers combined (Table II) . On the basis of these results, all cancers combined, stomach, colorectal, liver, lung and bladder cancer, as well as non-Hodgkin lymphomas and all lymphatic and haematopoietic cancers combined, were included in the second stage of the study.
Connective tissue cancers were also included in view of a priori interest (Hardell and Sandstrom, 1979; Eriksson et al., 1981; Woods et al., 1987) and the small numbers of these cancers included in the first stage of the study.
Second stage
At the 1981 census around 3.4 million people lived from 0 to 3 km and 11.4 million from 0 to 7.5 km from the 52 incinerators included in the second stage of the study. In all, 573 318 cancers were recorded from 0 to 7.5 km, of which 229 270 were at ages below 65 years and 344048 at 65 years and above; 354831 cases (181 118 males, 173713 females) were included for the 10 year lag and 494 869 cases (253 374 males, 241 495 females) for the 5 year lag. Average periods of observation were 7.0 and 11.0 years for the 10 year and 5 year lag periods respectively. Table III shows O/E ratios and 95% CIs for all cancers combined, solid tumours, all lymphatic and haematopoietic cancers combined and non-Hodgkin lymphomas from 0 to 3 and 0 to 7.5 km. Raised O/E ratios and 95% CIs that exclude one were found for all cancers, and stomach, colorectal, liver and lung cancers, both from 0 to 3 and 0 to 7.5 km; values of the O/E ratios, ranging (0-3 km) from 1.04 (all cancers and colorectal) to 1.13 (liver), were smaller than in the first stage of the enquiry. For these cancers, results of Stone's unconditional and conditional tests were highly significant, except the conditional test for liver, which was of borderline significance (P = 0.06).
Data for these cancers for all eight bands are shown in Table IV , including the preincinerator as well as the 10 year lag period. With 10 year lag, the largest O/E ratios were found within 1 km except for colorectal cancer (1-2 km); cumulative O/E ratios at 1 km ranged from 1.04 (colorectal cancer) to 1.37 (liver cancer). Of the population of 342 638 recorded at the 1981 census as resident within 0-1 km of an incinerator site, 46% was in the most deprived quintile of enumeration districts, with only 5.5% in the least deprived. For the 10 year lag period the final column in Table IV gives ratios of expected values adjusted/unadjusted for deprivation.
Again, the largest ratios were found from 0 to 1 km and ranged from 1.03 (colorectal cancer) to 1.14 (lung), indicating positive socioeconomic confounding within 1 km for these cancers. Adjustment for deprivation therefore reduced O/E ratios (0-1 km) by from 3% to 14%.
Post hoc examination of data for the preincinerator period gives an estimate of residual confounding in the vicinity of incinerators unrelated to incineration. For stomach and lung cancers, O/E ratios were larger in each band for the preincinerator compared with the 10 year lag period, as they were for all cancers in all but the (Table IV) , and results of Stone's tests for the preincinerator period were significant (P<0.05 to P= 0.001) (not shown). For colorectal cancer, O/E ratios in the preincinerator period were above one up to 3 km, although the Stone's tests in the preincinerator period were not significant (not shown). For liver cancer, no clear pattern emerged on comparison of the preincinerator and 10 year lag periods (Table IV) . Again, results of Stone's tests for the preincinerator period were not significant, although, for liver cancer, these findings were based on a small number of cases (Table IV) .
Further analyses of liver cancer cases (second stage)
The apparent association with liver cancer was larger than that for the other cancers, and in view of evidence for strong potential confounding by deprivation in the vicinity of incinerators, and the fact that liver cancer is one of the cancers most strongly related to deprivation (Elliott 1995), possible confounding for liver cancer was examined in further post hoc analyses as shown in Table V shows expected values (E0) calculated without adjustment for deprivation. From 0 to 1 km, there was a 54% excess (85 observed, 55.1 expected) and Stone's tests were highly significant (unconditional P=0.001, conditional P=0.007) (not shown). The second set of columns shows the analysis with adjustment for deprivation; as already noted, from 0 to 1 km, there was a 37% excess (62.1 expected) . The third and fourth set of columns show expected values calculated according to the distribution, age and sex stratified, of all cancers combined (liver excluded) and of stomach and lung cancers, which, like liver cancer, are strongly related to deprivation (Elliott, 1995) . For liver cancer, comparison with the latter two cancers in particular might be expected to give closer control for confounding by, e.g. sociodemographic or lifestyle factors, than that obtained by use of the deprivation index. Only the conditional version of the Stone's test was carried out for each of the latter two analyses as expected values already sum to the total number of cases within 7.5 km. From 0 to 1 km there was a 30% excess (65.3 expected) and a 21% excess (70.3 expected) in comparison respectively, with all cancers combined and with stomach and lung cancer (Table V) . P-values from Stone's test were P=0.048 and P=0.19 respectively. The possibility that known risk factors for liver cancer were differentially distributed near incinerators was also examined. Risk factors include hepatitis B infection, which is prevalent in Africa and the Far East, as well as liver cirrhosis related to excess alcohol consumption (Falk, 1982) . Commercially available data on alcohol consumption suggested, if anything, a slightly lower prevalence (37.7%) of 'heavy drinking' for the types of areas within 1 km of incinerators, in comparison with Great Britain as a whole (39.4%) (data from CACI). Data on place of birth from the 1981 census for the population living from 0 to 1 km of incinerators showed larger than expected numbers (based on the deprivation profile of the areas) of men and women born in the Indian subcontinent, and men from the Caribbean Commonwealth. Using published data on the mortality of migrants (Marmot et al., 1984; Grulich et al., 1992) this could explain around two or three of the 23 excess liver cancer cases within 0-1 km. Because routine data overestimate the incidence of primary liver cancer, especially over the age of 65 (Doll and Peto, 1983) , the effects of age and the extent of possible misdiagnosis of liver cancer were also examined. Stone's unconditional tests for liver cancer were significant (P<0.05) both below 65 years and at age 65 and above. Of 1873 liver cancers registered, with 10 year lag, from 0 to 7.5 km, 82% (1543) were coded to 155.0 (primary liver cancer) compared with 79% for Great Britain. Stone's unconditional test remained significant (P=0.002) when restricted to primary liver cancer (155.0) only.
Review of histology coding of liver cancer cases confirmed a substantial level of misdiagnosis and disagreement between registration and death certificate diagnosis, both among cases coded to primary liver cancer (155.0) and for the other ICD codes included for liver cancer (Table I) . Of the total of 235 cases reviewed, the diagnoses of three liver cases originally coded to 155.0 were changed by the registries -one was withdrawn as invalid, one was reclassified to cirrhosis and the third to thyroid cancer. The death certificates for two further cases, confirmed as primary liver cancer by the registries concerned, could not be traced. Of the remaining 230 cases, 21 were identified as secondary cancers, either directly by the registry concerned and/or from scrutiny of the death certificates. A further 21 cases were recorded with carcinomatosis (primary unknown) or metastases to liver and 17 others, including five with a death certificate diagnosis of cirrhosis, had no mention of liver cancer on the death certificate. Thus overall, 62/235 (26.8%) of the liver cases either had probable cirrhosis, misdiagnosed primary cancer, confirmed secondary cancers, metastases with unknown primary sites or had death certificates without mention of liver cancer. In addition, for several other cases, it was not possible from the registration details and death certificates to distinguish between primary and secondary liver cancers.
Discussion
This is the first study systematically to investigate cancer risk related to MSW incineration among the general population. It involved observations on over 14 million people for up to 13 years around 72 MSW incinerators in Great Britain. Previous reports have focused on incinerator workers (Gustavsson, 1989) , twinning rates, sex ratios at birth and malformations (Lloyd et al., 1988; Jansson and Voog, 1989; Williams et al., 1992) , incinerators of waste solvents and oils (Diggle, 1990; Elliott et al., 1992b) or were limited to the study of cancer risk around one or two incinerators only (Diggle, 1990; Hallenbeck et al., 1993; Hoglund and Haglind, 1993) . Based on replicated findings in the two stages of the present study, significant results were obtained for all cancers combined, stomach, colorectal, liver and lung cancer. For all other cancers studied, including larynx, nasal and nasopharyngeal cancer, connective tissue (including soft-tissue sarcoma), and non-Hodgkin lymphomas, there was no evidence overall for decline in risk with distance from incinerators.
The significant findings reported here were unlikely to be due to chance, as the design of the study, with replication of findings in two different data sets, guarded against type I error (false positive). However, whereas an observational study of this kind can provide evidence of association, in $0 P Elliott et al 708
itself it cannot demonstrate causality-interpretation of the findings is crucially dependent on (well-known) limitations of the data and methods, including possible sources of bias and confounding (Elliott et al., 1992a,b,c; Elliott, 1995) . A key difficulty is the lack of exposure information. The study includes older incinerators going back to the turn of the century that were likely to have had a very different exposure scenario to the low levels of pollutants found near a modern well-maintained plant (Greim, 1990; Clayton et al., 1991) . In the absence of such exposure information, we used a general exposure declinedistance model, equal in all directions, which for any particular incinerator may have been more or less appropriate, depending on stack height, wind patterns, abatement equipment etc. While errors and biases in small-area studies tend to be conservative, i.e. to lead to negative rather than positive findings (Elliott et al., 1992b) , confounding can operate powerfully in the opposite direction and lead to positive associations between environmental pollution and disease in the absence of a true (causal) link (Jolley et al., 1992; Elliott, 1995) . This is because deprivation tends to be high in polluted areas as well as being strongly predictive of disease occurrence (Jolley et al., 1992; Dolk et al., 1995; Elliott, 1995) . Area-based measures of deprivation are predictive of risk factors measured at the individual level such as smoking . Nonetheless, it is possible that some of the association between deprivation and ill health reflects higher pollution levels or some other environmental factor in those areas, so that adjustment for deprivation might result in 'overcontrol' in the analysis (Dolk et al., 1996) . In our view, the strong sociodemographic and lifestyle effects associated with deprivation are likely to outweigh any effect of background pollution in those areas. By adjusting for deprivation we are examining for independent associations of disease risk with proximity to the polluting source, over and above any associations with background, sociodemographic and lifestyle factors. In the present study the ratios of expected values adjusted/unadjusted for deprivation indicated positive socioeconomic confounding, especially for all cancers and cancers of the lung, stomach and liver. We, therefore considered the possibility that residual confounding might explain the positive associations between cancer risk and proximity to incinerators.
Thus in the post hoc analyses data for the preincinerator period were examined since, by definition, any excess risk would be unrelated to incineration and could be assumed to reflect residual confounding in the vicinity of incinerators. For lung, stomach and all cancers, the extent of such confounding was sufficient to explain the pattern of risk observed with 10 year lag; comparison of O/E ratios with the ratios of expected values adjusted/unadjusted for deprivation suggested that for those cancers, adjustment controlled only around half of the confounding due to deprivation. For colorectal cancer, the analysis of the preincinerator period was suggestive of residual confounding within 3 km and the estimated relative risk with 10 year lag was lower than for the other cancers, i.e. around 1.04 up to 3 km. For liver cancer O/E ratios adjusted for deprivation were the largest of all cancers examined in either stage of the study, e.g. O/E ratios of 1.91 from 0 to 1 km and 1.29 from 0 to 3 km (first stage) and 1.37 and 1.13 respectively (second stage); the 37% excess from 0 to 1 km in the second stage corresponds to around 0.95 excess cases 10-5 year-'. As noted, liver is one of the cancers most strongly related to deprivation (Elliott, 1995) . In view of evidence of important socioeconomic confounding near incinerators possible residual confounding for liver cancer was, therefore, explored further.
In post hoc analyses (second stage) the incidence of liver cancer was compared with that of all cancers combined (excepting liver) and also with stomach and lung cancer in an attempt to achieve closer control for confounding; control for the effects of migration was also achieved to some extent, since both observed and expected numbers were generated by cases who were resident in the area at the time of registration. In these analyses the 37% excess (23 cases) of liver cancer from 0 to 1 km was reduced to 21% (15 cases) against stomach and lung cancer. Analysis by country of birth suggested that no more than two or three excess cases from 0 to 1 km could be explained by the higher than expected number of people living in those areas who were born in the Indian subcontinent or Caribbean Commonwealthknown to have increased risk of liver cancer.
The review of cancer registration details and death certificates confirmed a substantial level of misdiagnosis of primary liver cancer. This is to be investigated further by 'blind' histological review of liver cancer cases in the second stage from 0 to 1 km, as well as random samples of cases from 1 to 7.5 km and from the rest of Great Britain. In summary, this study of over 14 million people observed for up to 13 years around 72 MSW incinerators in Great Britain found no evidence overall for decline in risk with distance from incinerators for a number of cancers including non-Hodgkin lymphomas and soft-tissue sarcomas. A likely explanation of significant findings for all cancers combined, stomach and lung cancer was residual confounding, which also appeared to explain at least part of the excess risk of liver cancer. For this reason and because of the substantial level of misdiagnosis (mainly secondary tumours) found among registrations and death certificates for liver cancer, further investigation including histological review of the cases is to be done. This should help determine whether or not there is an increase in primary liver cancer in the vicinity of incinerators.
